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ABSTRACT
Background: Basic pathologic characteristics for farmed minks were previously reported
worldwide. However, its status in the wild has not been studied in detail.
Objective: Serology and electrophoresis were carried out for evidence of exposure to 12 mink
pathogens on two different locations.
Animals and methods: Serology was done in 87 wild minks by reference techniques against
Toxoplasma gondii, Encephalitozoon cuniculi, Neospora caninum, Brucella abortus,
Mycobacterium bovis, Leptospira interrogans, canine distemper virus (CDV), canine adenovirus
(CAV), canine parvovirus (CPV), rabies virus (RV), Inﬂuenza A virus (FLUAV) and Aleutian disease
virus (ADV). Hypergammaglobulinemia, the ADV main clinical feature, was determined by
conventional electrophoresis.
Results: Seventy-one percent of the 87 sera had antibodies against one or more pathogens.
ADV accounted for the highest seroprevalence (29%), followed by T. gondii (26%),
L. interrogans (14%), M. bovis (12%), B. abortus (9%), N. caninum (3%), CPV (3%) and CDV
(2%). Seroprevalence was inﬂuenced by location but not sex or age. Additionally, 16% of the
seropositive samples for ADV had gammaglobulin levels >40.0 g/L. Antibody titers for CDV
and CPV were low and difﬁcult to interpret as almost all these cases had borderline
concentrations.
Conclusion: A cautious interpretation of the results is urged as the epidemiological role of the
wild mink is largely unexplored for most of these agents. Nevertheless, the information may be
clinically relevant..
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1. Introduction
The American mink (Neovison vison) was deliberately
introduced as a valuable fur-bearing mammal for
commercial production in South America in 1930,
then it subsequently escaped or had been released
from farms (Martino & Villar 1991; Sepulveda et al.
2011). It is considered a pest in the region and
classed as Least Concern by the IUCN (Reid & Helgen
2008; Barros et al. 2014). According to the local peo-
ple and hunters, mink numbers recently declined in
some areas and the speciﬁc causes of non-hunting
mortality remain unknown. Whether minks could be
alternate hosts and are involved in the transmission
and maintenance of diseases in wildlife is largely
unexplored.
Our objective was to determine the antibody preva-
lence to a select group of pathogens in two mink pop-
ulations which may aid in understanding the role of
free-ranging minks in disease ecology.
2. Material and methods
Capture ﬁeldwork was carried out between June 2013
and July 2015 on two sites: area 1 (the vast Buenos
Aires province, 38 500 S, 57 340 W, a subtropical rural
region with an abundant native fauna and domestic
animals) and area 2 (the cold patagonian grasslands of
the Santa Cruz Province, 46

360 S, 72

240 W and 46
480 S, 67 580 O).
Animals were visually located and captured either
manually using a drive net system or with single-door
box-traps set every 250–500 m. Blood collection was
done as already detailed (Philippa et al. 2008). Age and
sex were estimated primarily from dentition and geni-
tal development (Fournier-Chambrillon et al. 2004; Har-
rington et al. 2012). After sampling, the animals were
then released.
Serum was tested for antibodies against the follow-
ing disease agents: Toxoplasma gondii, Encephalitozoon
cuniculi, Neospora caninum, Brucella abortus, Mycobac-
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terium bovis, Leptospira interrogans, canine distemper
virus (CDV), canine adenovirus (CAV), canine parvovirus
(CPV), rabies virus (RV), Inﬂuenza A virus (FLUAV) and
Aleutian disease virus (ADV). Brieﬂy, antibodies to T.
gondii were identiﬁed by the modiﬁed direct agglutina-
tion test and titers 1:32 were considered positive
(Sepulveda et al. 2011). Exposure to E. cuniculi was
determined by the enzyme-linked immunosorbent
assay (ELISA), and the test was considered positive if
the optical densities of the coated well was more than
0.394 (Hersteinsson et al. 1993). Speciﬁc antibodies to
N. caninum using the indirect ﬂuorescent antibody test
with a canine conjugate were investigated and titers
1:25 were taken as positive (Stuart et al. 2013). A
commercial indirect ELISA (CHEKIT, Bern, Switzerland)
was used as a screening test to detect animals with B.
abortus antibodies and titers 1:32 were taken as posi-
tive. Because of the known high sensitivity and the lim-
ited speciﬁcity of this ELISA, all samples found positive
or suspect were subjected to subsequent complement
ﬁxation testing (CFT) and >20 U/mL was considered
indicative of exposure (OIE 2005). For M. bovis testing,
a commercial M. bovis antibody ELISA (IDEXX Laborato-
ries, Westbrook, ME, USA) was used and a cut-off value
was an OD ratio of 0.3 (Buddle et al. 2013). Thirteen
serovars of L. interrogans (bataviae, pomona, grippoty-
phosa, hardjo, icterohaemorrhagiae, sejroe, autumnalis,
copenhageni, australis, grippothyphosa, bratislava, pyro-
genes and canicola) were investigated by microscopic
agglutination and screened at a serum dilution of
1:100 (OIE 2005). Serum neutralization (SN) test for
CDV and CAV was performed; neutralizing titers of 1:20
or higher were considered positive for CDV and 1:15
for CAV (Philippa et al. 2008; Santos et al. 2009).
Indirect immunoﬂuorescence antibody test (IFAT)
was used for the presence of antibodies to CPV, with
titers of 1:15 considered indicative of previous expo-
sure (Helfer-Baker et al. 1980). Rapid ﬂuorescent focus
inhibition test with reciprocal titer of 10 in a 50% pla-
que reduction was employed for RV (OIE 2005). For
FLUAV antibody testing, a commercial ELISA (IDEXX AI
MultiS-Screen Ab Test, Westbrook, ME, USA) was
performed and samples with a sample-to-negative
control ratio value below 0.50 were considered positive
(Lebarbenchon et al. 2012). Counter-current electro-
phoresis (CIEP) was performed for the presence of anti-
bodies to ADV using a commercial antigen (United
Vaccines Inc., Madison, WI, USA) with 10 mL of 0.8 stan-
dard low agarose in barbital buffer, pH 8.6–9.0 (Martino
& Villar 1991). Gammaglobulin levels (percent gamma)
were determined by conventional electrophoresis
using agarose Electrophoresis System; hypergamma-
globulinemia was considered when gamma globulin
values exceeded 40.0 g/L (Sanchez-Migallon Guzman
et al. 2008).
Chi-square tests using p < 0.05 as the level of signif-
icance, relative risk (odds ratio, OR), and the Taylor
series 95% conﬁdence limits (CFs) were calculated with
the Statistical Analysis System (SAS Institute Inc., Cary,
NC, USA, version 6.03, 1988) and were used to evaluate
differences on the seroprevalences and relationships
to locations, age and gender. Bonferroni correction
was performed to adjust p-values.
3. Results
Blood samples were collected from 24 adult (10 males,
14 females) and 19 juvenile (12 males, 7 females) sam-
ples of area 1, meanwhile 21 adult (8 males, 13
females) and 23 juvenile samples (15 males, 8 females)
came from area 2. Most of the animals were in appar-
ent good health on body examination, except for four
cases that showed emaciation.
Table 1 shows seroprevalence and reciprocal titers
against the 12 pathogenic agents investigated.
Sixty-two animals (71%) were antibody positive for
at least one of the pathogenic agents, with 33 being
seropositive for 1 agent, 26 for 2 agents and 3 animals
for 3 agents.
Both T. gondii and ADV titers combined were the
most common association (n = 14). B. abortus, CDV and
CPV have been identiﬁed in area 1 only. Although less
animals were captured in area 1, general seropreva-
lence rate was signiﬁcantly higher than in area 2
Table 1. Seroprevalence and titers of 12 selected agents among the 87 minks.
Number of positive sera Titers
Pathogen
Area 1 (n = 44)
(Buenos Aires)
Area 2 (n = 43)
(Patagonia)
Total (%),
OR, CFa
Positive
cut-off value Minimum Maximum
T. gondii 10 13 23 (26.4), 0.92, 0.55–1.18 1:32 01:32 1:544
E. cuniculi 0 0 0 0.394
N. caninum 4 6 3 (3.4), 0.41, 0.05–0.64 1:25 1:25 1:320
B. Abortusb 8 0 8 (9.2), 2.20, 1.02–3.98 1:32 1:32 1:160
M. Bovis 9 2 11 (11.5), 1.68, 0.88–2.59 0.3 0.3 0.6
L. Interrogans 5 7 12 (13.8), 0.12, 0.05–0.77 1:100 1:40 1:800
CDV 2 0 2 (2.3), 1.12, 0.76–1.45 1:20 1:20 1:80
CAV 0 0 0 1:15
CPV 3 0 3 (3.4), 1.71, 0.66–2.56 1:15 0:15 0:15
RV 0 0 0 10
FLUAV 0 0 0 0.50
ADV 18 7 25 (29.0), 1.37, 1.09–2.88
aPercentage positive; OR, odds ratio (relative risk) and CF, 95% conﬁdence limits
bAn insufﬁcient amount of sera prevented one case with ELISA antibody titer 1:32 to be subject to CFT and correlation analyses.
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(p < 0.05, OR = 0.8, 95% CF = 0.6–1.1). Particularly,
seroprevalences for B. abortus, M. bovis and AMVD on
area 1 were signiﬁcantly higher than on area 2 (p <
0.01, OR 1.6 95% CF = 1.3–1.9; p < 0.05, OR = 0.27, 95%
CF = 0.2–0.6 and p < 0.05, OR = 1.5, 95% CF = 1.3–1.9,
respectively). Conversely, no major differences in sero-
prevalence rates were observed among age or sex cat-
egories for animals from both areas, except for
evidence of exposure against T. gondii, which was
more signiﬁcantly prevalent on adult than on juvenile
minks (p < 0.05, OR = 0.8, 95% CF = 0.4–1.1). Ten sam-
ples with positive antibody titer 1:32 for B. abortus by
ELISA were also tested by CFT, with results correlating
well between them (8/10, r = 0.86 p < 0.05, Kappa
0.93). One of these cases, an adult male showed
emaciation.
Twelve animals (14%) were positive for the Lepto-
spira serovars tested: icterohaemorrhagiae (n = 7), cani-
cola (n = 2), sejroe (n = 1), and icterohaeniorrhagiae and
sejroe combined (n = 2). Mean antibody titer observed
was 1:200, and the maximum titer of 1:800 belonged
to a juvenile emaciated female from area 1. None of
the sera reacted against the other serovars.
Among the viral agents, CDV and CPV were present
in only one geographical location (area 1), both with
low prevalences and titers, meanwhile, ADV comprised
the greatest number of seropositive minks. The two
CDV seropositive minks and two of the three minks
positive for CPV had also seropositivity for ADV.
Regarding ADV exposure, four adult minks out of the
25 seropositive animals by CIEP showed gammaglobu-
lin levels exceeding the 20% of the total plasma pro-
tein (p > 0.05, OR = 3.2, 95% CF = 2.4–3.9). Mean
hypergammaglobulinemia for all these four positive
animals was 58.9 § 3.2 CF = 42.0–66.3%, meanwhile,
two minks of the four presented with emaciation (p >
0.05, OR = 2.3, 95% CF = 1.4–2.8).
4. Discussion
Signiﬁcant information about known diseases within
wildlife populations has been provided from serologic
surveys (Philippa et al. 2008; Harrington et al. 2012).
Captive minks are susceptible to a wide array of infec-
tious and parasitic diseases (Martino & Villar 1991;
McDonald & Lariviere 2001), but unfortunately, essen-
tial knowledge about the fundamental biology or pop-
ulation ecology of free-ranging minks is lacking. This is
a cross-sectional survey of wild minks for serologic evi-
dence of exposure to several pathogenic agents on
two different locations. Here, the majority of the cap-
tures were healthy except for four minks commonly
adults with clinical signs of starvation.
Overall, 71% of the samples had seropositivity. Our
data suggest that there was signiﬁcant difference in
the prevalence of most of the agents between the
locations covered by this survey. This is difﬁcult to
explain. Some epidemiological factors (i.e. reservoirs,
food habits, immunological status and demography)
can obviously inﬂuence these results. The humid rural
Buenos Aires with a major presence of livestock and
humans is in sharp contrast to the large arid Patagonia.
Also, both sites were far enough apart that individual
mink was unlikely to move directly from one region to
the other. Alternatively, there may be differences in
fur-farming history: the Buenos Aires mink ranches
continued to liberate animals even in the last decade,
but the Patagonian farms closed a long time ago. That
would explain perhaps higher prevalences of, for
example, ADV or CDV, which are two of the most
important diseases in captivity (Martino & Villar 1991;
McDonald & Lariviere 2001).
Distribution of age and sex groups within the sero-
prevalence rates was similar for the bulk of the acces-
sions. The lack of similar surveys in the literature
preclude us to make a comparison of the data. T. gondii
was the most prevalent parasite investigated and the
only pathogen that showed a signiﬁcant difference
with respect to older age class. Previous studies on
feral minks from southern Chile, England and Ireland
reported higher seroprevalences (>50% against our
26%) and higher proportion of adults like in our survey
(O’Crowley & Wilson 1991; Sepulveda et al. 2011;
Harrington et al. 2012). The presence of antibodies to
T. gondii on both regions suggests that this organism
may be active in the wild.
Regarding the other two parasites tested, all sam-
ples were negative for E. cuniculi and there was a low
prevalence of N. caninum (3%), suggesting that the
host range of N. caninum is more limited or does not
persist as efﬁciently as T. gondii within the environ-
ment. On the ﬁrst time that mustelids have tested posi-
tive for bovine neosporosis, only 1% of mink were
seropositive by IFAT (Stuart et al. 2013). Eight percent
of mink from Iceland were found seropositive for E.
cuniculi (Hersteinsson et al. 1993); this ﬁnding contrasts
with observations from other arctic areas and the
absence of rodents in the diet of minks or foxes is the
most likely explanation for the absence of E. cuniculi.
Eight of the 10 samples classiﬁed as positive for
B. abortus by the ELISA were positive by the CFT test
and, thus, correlation agreement between the tests
was high. Not surprisingly, all cases came from area 1
where cattle brucellosis is enzootic. Moreover, mink is
a well-known wild scavenger that often consumes car-
casses in the area. Other authors reported no evidence
of brucellosis in 15 feral minks surveyed (O’Crowley &
Wilson 1991).
The infection of both captive and free-ranging wild-
life species with M. bovis represents a zoonotic risk and
continues to cause challenges for the livestock indus-
try, zoos and governments around the world (Cham-
bers 2013). Bovine tuberculosis is another well-known
infection in minks under captivity (MacDonald &
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Lariviere 2001). In 2007, we reported two fatal cases of
TB in adult feral minks (Martino et al. 2007) but there
are no other studies regarding wildlife. The average
seroprevalence here was 11% and most of the positive
samples came from area 1, where bovine tuberculosis
is also enzootic.
Herein, three leptospira serovars were only tested
positive among 12 minks from both regions, all with
moderate titers. On examination of these samples, no
four-fold rise in titer was seen except in one juvenile
female. Probably, infecting serovars may vary region-
ally depending on exposure to other infected wild or
domestic animal reservoir hosts (Barros et al. 2014).
Also, there is an incomplete understanding of leptospi-
rosis in wild animals as most of the published studies
usually do not include isolation efforts or test a limited
panel of serovars (Sykes et al. 2011).
Minks are susceptible to a variety of viral diseases
(MacDonald & Lariviere 2001; Santos et al. 2009).
Among the viruses tested, ADV accounted for the high-
est seroprevalence, followed by CPV (3.4%) and CDV
(2.3%), meanwhile, all samples were negative for CAV,
RV and FLUAV. Our data can match previous European
surveys on feral minks which provided seropositivity
for CDV (range 0%–3.4%), CAV (5.4%) and ADV (range
22.6%–51.8%) (Yamaguchi & Macdonald 2001; Founier-
Chambrillon et al. 2004; Philippa et al. 2008; Persson
et al. 2015). Conversely, seronegativity was reported
for CPV and CDV (Santos et al. 2009), for RV (Philippa
et al. 2008) and for ADV (Sanchez-Migallon Guzman
et al. 2008 ). Our results for CDV and CPV should be
interpreted prudently, as both were detected in few
animals, mostly have low, borderline antibody titers,
and even possibly non-speciﬁc (Philippa et al. 2008).
AD is a chronic viral disease in farmed minks and the
virus has been found in many free-ranging mink popu-
lations in Europe and North America (Ma~nas et al.
2001; Persson et al. 2015). It accounted here for the
highest prevalence of all the agents; most of the sero-
positive minks were from the Buenos Aires province,
which has a more recent feral population due to delib-
erate releases. AD is also the most important cause of
death in Argentinean mink farms since decades (Mar-
tino & Villar 1991). In addition, hypergammaglobuline-
mia was present in 16% of the CIEP positive samples.
Likewise, other authors found 22.6% of CIEP positives,
meanwhile, 23% of them had gammaglobulin levels
higher than 40 g/L (Fournier-Chambrillon et al. 2004).
The demonstration of the occurrence of this viral dis-
ease in a feral American mink population suggests that
not only AD may represent a serious cause in the
apparent decline of local mink populations but it may
also threaten other mustelid species (Ma~nas et al.
2001; Yamaguchi & MacDonald 2001).
The lack of detectable antibodies to E. cuniculi, CAV,
RV and FLUAV apparently suggests no prior exposure
to this agent, but sometimes serological tests do not
become positive until an infected animal has had time
to develop antibodies, or might be a remote exposure
with following loss of detectable titers. Further analy-
ses to identify seroconversions are strongly recom-
mended. Likewise, positive results may be indicative of
recent or past infection, but they also may be due to
non-speciﬁc reactions.
In conclusion, the implications of the presence of
the agents investigated in the wild minks are poorly
known and more studies are needed to determine if
this species could serve as a reservoir or may play an
important role in their epidemiology. Nevertheless, the
information resulting from a representative sample of
wildlife tested is useful because of the paucity of infor-
mation on diseases of free-ranging animals in South
America.
Disclosure statement
No potential conﬂict of interest was reported by the authors.
Funding
This work was supported by the Buenos Aires Province
Research Council (CIC) with Research Projects [number 243/
13], [number 1266/14].
References
Barros M, Saenz L, Lapierre L, Nu~nez C. 2014. High prevalence
of pathogenic Leptospira in alien American mink in Pata-
gonia. Rev Chil Hist Nat. 87:2–5.
Buddle B, Wilson T, Luo D, Voges H, Linscott R, Martel E, Law-
rence J. 2013. Evaluation of a commercial ELISA for the
diagnosis of bovine tuberculosis from milk samples from
dairy cows. Clin Vaccine Immunol. 20:1812–1816.
Chambers M. 2013. Review of the diagnosis of tuberculosis in
non-bovid wildlife species using immunological methods.
Transbound Emerg Dis. 60:14–27.
Fournier-Chambrillon C, Aasted B, Perrot A, Pontier D, Artois
M. 2004. Antibodies to Aleutian mink disease parvovirus
in free-ranging European mink Mustela lutreola and other
small carnivores from southwestern France. J Wildl Dis.
40:394–402.
Harrington L, Gelling M, Simpson V, Harrington A, Macdonald
D. 2012. Notes on the health status of free-living, non-
native American mink in southern England. Eur J Wildl
Res. 58:875–880.
Helfer-Baker C, Evermann J, McKeirnan A, Slack R, Miller C,
Morrison W. 1980. Serological studies on the incidence of
canine enteritis viruses. Canine Pract. 7:37–42.
Hersteinsson P, Gunnarsson E, Hjartardottir S, Skırnisson K.
1993. Prevalence of Encephalitozoon cuniculi antibodies in
terrestrial mammals in Iceland, 1986 to 1989. J Wildl Dis.
29:341–344.
Lebarbenchon C, Brown J, Page Lutrell M, Stallknecht D. 2012.
Comparison of two commercial ELISA for detection of
Inﬂuenza A virus antibodies. J Vet Diagn Invest. 24:161–
165.
Ma~nas S, Ce~na J, Ruiz-Olmo J, Palazon S, Domingo M, Bloom
M. 2001. Aleutian mink disease in wild riparian carnivores
in Spain. J Wildl Dis. 37:138–144.
210 P. E. MARTINO ET AL.
Martino PE, Gatti M, Bautista E, Stanchi N. 2007. Case
report: tuberculosis in feral mink. Small Carniv Conserv.
36:46–47.
Martino PE, Villar JA. 1991. A note on diseases of mink. J Vet
Med B. 38:227–230.
McDonald R, Lariviere S. 2001. Diseases and pathogens of
Mustela spp., with special reference to the biological con-
trol of introduced stoat populations in New Zealand. J R
Soc N Z. 31:721–744.
O’Crowley K, Wilson JG. 1991. Feral mink Mustela vison and
their potential as disease vectors in Ireland. An investiga-
tion in Co. Wicklow. Irish Vet J. 44:71–74.
[OIE] Ofﬁce International des Epizooties. 2005. Manual of
diagnostic tests and vaccines for terrestrial animals. 5th
ed. Paris: OIE.
Persson S, Jensen TH, Blomstr€om AL, Tjernstr€om Appelberg
M, Magnusson U. 2015. Aleutian mink disease virus in
free-ranging mink from Sweden. PLoS One. 10:e0122194.
Philippa J, Fournier-Chambrillon C, Fournier P, Schaftenaar W,
van de Bildt M, Kuiken T. 2008. Serologic survey for
selected viral pathogens in free-ranging endangered
European mink and other mustelids from south-western
France. J Wildl Dis. 44:791–801.
Reid F, Helgen K. 2008. Neovison vison. IUCN Red List of
Threatened Species. [cited 2017 Jan 20]. Available from:
http://www.iucnredlist.org
Sanchez-Migallon Guzman D, Carvajal A, Garcıa-Marın JF, Fer-
reras M, Perez V, Ce~na J. 2008. Aleutian disease serology,
protein electrophoresis, and pathology of the European
mink from Navarra, Spain. J Zoo Wildl Med. 39:305–313.
Santos N, Almendra C, Tavares L. 2009. Serologic survey for
canine distemper virus and canine parvovirus in free-rang-
ing wild carnivores from Portugal. J Wildl Dis. 45:221–226.
Sepulveda MA, Mu~noz-Zanzi C, Rosenfeld C, Jara R, Hill D.
2011. Toxoplasma gondii in feral American minks at the
Maullin River, Chile. Vet Parasitol. 175:60–65.
Stuart P, Zintl A, De Waal T, Mulcahy G, Hawkins C, Lawton C.
2013. Investigating the role of wild carnivores in the epide-
miology of bovine neosporosis. Parasitology. 140:296–302.
Sykes JE, Hartmann K, Lunn KF, Moore GE, Goldstein RE. 2011.
2010 ACVIM small animal consensus statement on lepto-
spirosis: diagnosis, epidemiology, treatment, and preven-
tion. J Vet Intern Med. 25:1–13.
Yamaguchi N, Macdonald DW. 2001. Detection of Alitian dis-
ease antibodies in feral American mink in southern Eng-
land. Vet Rec. 149:485–488.
VETERINARY QUARTERLY 211
